It has been postulated that bilingualism may act as a cognitive reserve and recent behavioral evidence shows that bilinguals are diagnosed with dementia about 4-5 years later compared to monolinguals. In the present study, we investigated the neural basis of these putative protective effects in a group of aging bilinguals as compared to a matched monolingual control group. For this purpose, participants completed the Erikson Flanker task and their performance was correlated to gray matter (GM) volume in order to investigate if cognitive performance predicts GM volume specifically in areas affected by aging. We performed an ex-Gaussian analysis on the resulting RTs and report that aging bilinguals performed better than aging monolinguals on the Flanker task. Bilingualism was overall associated with increased GM in the ACC. Likewise, aging induced effects upon performance correlated only for monolinguals to decreased gray matter in the DLPFC. Taken together, these neural regions might underlie the benefits of bilingualism and act as a neural reserve that protects against the cognitive decline that occurs during aging.
a b s t r a c t
It has been postulated that bilingualism may act as a cognitive reserve and recent behavioral evidence shows that bilinguals are diagnosed with dementia about 4-5 years later compared to monolinguals. In the present study, we investigated the neural basis of these putative protective effects in a group of aging bilinguals as compared to a matched monolingual control group. For this purpose, participants completed the Erikson Flanker task and their performance was correlated to gray matter (GM) volume in order to investigate if cognitive performance predicts GM volume specifically in areas affected by aging. We performed an ex-Gaussian analysis on the resulting RTs and report that aging bilinguals performed better than aging monolinguals on the Flanker task. Bilingualism was overall associated with increased GM in the ACC. Likewise, aging induced effects upon performance correlated only for monolinguals to decreased gray matter in the DLPFC. Taken together, these neural regions might underlie the benefits of bilingualism and act as a neural reserve that protects against the cognitive decline that occurs during aging.
& 2015 Elsevier Ltd. All rights reserved.
Introduction
Cognitive decline is characterized by a slow and progressive decline of memory and cognitive abilities resulting from pathological conditions that cause brain cell death in the aging population. Although treatments are still lacking, studies show that the onset of cognitive decline and dementia can be significantly delayed by intellectual and life-style factors, including education, occupation level and leisure activities. These individual factors contribute to 'cognitive reserve' in seniors. Higher levels of cognitive reserve are associated with a reduced risk of developing cognitive decline and a lower rate of memory decline in normal aging (Stern et al., 2006) . Stern et al. (2009) suggested that life experiences contribute to individual differences at the brain level, i.e., providing a neural basis for the concept of cognitive reserve (to which we may refer to as 'neural reserve'). The benefit of intellectual and life-style cognitive reserve is potentially considerable, given the socio-economic and affective impact of cognitive decline in typical aging. Delaying the onset of cognitive decline can lead to substantial economic benefits (Bialystok et al., 2004) .
The concept of cognitive reserve is based on multiple observations that particularly intelligent people with a high level of education seem to fare better in the face of cognitive decline, maintaining cognitive function for a longer period of time compared to people with lower levels of education. Epidemiological studies (Garibotto et al., 2008 ; for a review see Valenzuela and Sachdev, 2006) have demonstrated that low levels of education are strongly correlated with a higher risk of cognitive decline. Aginginduced decline in cognitive abilities is usually associated with structural and functional changes in the brain. For instance, progressive loss of gray matter volume in anterior regions is typically observed (Jernigan et al., 2001; Raz et al., 2005) as is progressive disruption of white matter between anterior and posterior cortical regions (Pfefferbaum et al., 2005; Head et al., 2004; Madden et al., 2009; Gunning-Dixon et al., 2009) .
It has been postulated that bilingualism may act as a cognitive reserve. This notion is based upon evidence that executive functions may be better 'trained' in bilinguals as compared to monolinguals (Bialystok et al., 2004 (Bialystok et al., , 2005 (Bialystok et al., , 2006 . Indeed, there is a body of evidence showing that the constant juggling of two (or more) languages in multi-and bi-lingual speakers tunes their conflict resolution capacity, which in turn, transfers to non-linguistic 
